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(54) ANTI REFLECT! ON OR UGHT-ABSORBINQ COATING COMPOSITION AND POLYMER 
THEREFOR 



(57) A composition for an anti-reflective coating or a 
light absorbing coating, which shows good light absorp- 
tion for fights of 100 - 450 nm in wavelength, suffers nei- 
ther footing nor intermixing, and has excellent storage 
stability and step coverage, and novel copolymers to be 
used therein. The novel polymers comprise acrylic or 
methacrytic copolymers or terporymers. at least having 
both recurring units (1) wherein an amino group- or 
hydroxyi -group containing organic chromophore capa- 
ble of absorbing lights of 100 to 450 nm in wavelength is 
chemically bound to the carbonyl group bound to a car- 
bon atom in the main chain, directly or through - 
R^HCXY- (wherein R-, represents an alkytene group. X 
represents O or S. Y represents O or NFfe, Rg repre- 
sents H. a substituted or non-substituted, straight chain 
or cycOc alkyl group or a phenyl ene group) and for 
example recurring units (2) wherein a double bond-or 
epoxy gjoup-containing alkyl group is chemically bound 
to the cartxixyt or oxygen pjoup bound to a carbon atom 
in the main chain. The composition containing the 
copolymer is coated on a wafer to form a bottom anti- 



reflective coating and. after coating thereon a photore- 
sist deep LTV exposure and development are con- 
ducted to form a resist image with high resolution. 
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Description 
T chnicaJ Field 

5 [0001] The present invention relates to a composition available for forming an anti-r effective coating such as a bottom 
anti-reflective coating or a light absorbing coating, a polymer used in the composition, a method for forming an anti- 
reflective coating or a light absorbing coating, an anti-feftective coating and a fight absorbing coating formed by the 
method, a method tor tormng resist patterns and a method for integrated circuits by use of the composition. 

io Background Art 

[0002] In manufacturing semiconductors, finer and finer patterning of resist images has been required and attempted 
to attain higher integration. In order to satisfy this requirement, there have been made development and improvement 
of lithographic techniques using short-wavelength exposure tools such as deep-UV. As photoresists showing high par- 
rs formance when eased to deep-UV, there have been known chemically amplified, deep UV (100-300 nm) positive- or 
negative-working photoresists. While such ensure tools in combination of the chemically amplified, high performing 
photoresists enable one to pattern with less than quarter micron line width, there still remain several other problems that 
need to be solved in achieving such high resolutions. One such problem well known in the art is called "standing waves" 
arising from interference between incident light and reflected light of the incident fight reflected on the substrate surface. 
20 Another problem is the difficulty in uniformly controlling the Gne width in single layer resist process due to thin fOm inter- 
ference effects resulting from highly planar and non-planar substrates. Various reports have been made. For example, 
there are illustrated the report of M. Horn in Solid State Technology, Nov. 1991. p. 57, the report of T. Brunner, Proc. 
SPIE, vol. 1466 (1991). p.297. etc. In addition, as a cause which causes pattern distortions, there is the phenomenon 
called reflective notching which is caused by fight reflected angularly from topographical features. This is discussed by 
25 M. Bolsen. G. Bohr. H Merrem. and K. Van Werden, in Solid State Technology, Feb. 1986. p.83. 

[0003] Lithographic techniques to solve the problems upon forming patterns on reflective topography include addition 
of dyes to the photoresists as described in U.S. Pat No* 4,575.480 and 4,882.260. etc. However, when a dye is added 
to the photoresist to form a film having high absorption to the light of exposing wavelength, drawbacks such as decrease 
in resist sensitivity. rJtficutti es during hardening processes, thinning of the resists in alkaline developers and sublimation 
30 of the dyes during baking of the films are encountered. In addition to the technique of adding dyes to photoresists, top 
surface imaging (TSI) processes, multilayer resists (MLR) method as descrfred in U.S. pat No 4,370,405 also help 
solve the problems associated with reflection but such methods are not only complex but also expensive and not a pre- 
ferred method. Single layer resist (SLR) processes dominate semiconductor manufacturing because of their cost-effec- 
tiveness and simplicity. 

35 [0004] Another strategy to eliminate the interference of lights is to reduce the substrate reflectivity through the use of 
so-called bottom anti-reflective coatings (BARCs). These coatings have the property of absorbing the light which 
passes through the photoresist and not reflecting it back and prevent the reflection by the substrate. As the bottom anti- 
reflective coatings, there are known inorganic types and organic types. Inorganic types include coatings of TIN, UNO, 
TiW or inorganic polymer of 300 A in thickness, as described in C. Nofscher et al, Proc. SPIE, vol. 1086 (1989). p.242, 

40 K. Bather, H. Schreber, Thin Solid Films. 200. 93 (1991). G. Czech et al.. Microelectronic Engineering. 21 (1993). p.51 . 
In addition to these coatings, there are also known inorganic coatings such as a titanium coating, a chromium oxide 
coating, a carbon coating, an a -silicon coating, etc. These inorganic anti-reflective coatings are usually formed by vac* 
uum deposition. CVD, sputtering or the like However, formation of such coatings requires accurate control of the film 
thickness, uniformity of film, special deposition equipment complex adhesion promotion techniques prior to resist coat- 

45 ing. separate dry etching pattern transfer step, and dry etching for removal. Some of the inorganic coatings can not be 
used in manufacturing integrated circuits due to their conductivity. 

[0005] On the other hand, as the organic anti-reflectrve coatings, there are illustrated those formulated by adding dyes 
which absorb light of the exposure wavelength to a polymer coating (Proc. SPIE, vol. 539 (1 985), p.342). This dye-con- 
taining, anti-reflective coating can be formed on a substrate in the same manner as with photoresists, and does not 
so require any special equipment as is different from the inorganic anti-reflective coatings. However, they involve such 
problems as 1 ) separation of the polymer and dye components during spin coating, 2) dye stripping into resist solvents, 
and 3) thermal diffusion into the resist upon the baking process. All these factors cause degradation of resist properties, 
and therefore the technique of adding a dye to the polymer coating to form an anti-reflective coating is not a preferred 
one 

55 [0006] Chemically bintfng the dyes to f Dm forming polymers is another option. Fahey. et al. (Proc. SPIE, Vol. 21 95. 
p.422) report to use a reaction product obtained by reacting an amino group possessing dye with the anhydride groups 
of pory(vinylrnethyl ether-co-rnaleic anhydride) as the material for forming the anti-reflective coating. The problem with 
this type anti-reflective coating material is that th reaction between amine and the anhydride groups are not always 
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100 % complete and this leads to presence of free amines (refer European unexamined patent application No. 
0583205, page 5. lines 17-20). The remaining free amine causes poisoning at the interface between the anti-reflective 
coating and the resist coating especially when a chemically ampBfied resist is used as the resist and this leads to a 
problem called footing: incomplete dissolution of the exposed resist upon development In addition, there arises another 
problem that free dye molecules sublime during the baking process and deposits on the fabrication instruments and 
causes contamination problem as well as health hazard to the workers. One more problem of such compositions is that 
imide compounds are poor in their solubility and need polar solvents normally not used in photoresist formulations. It 
would be ideal to use the same solvent for both the photoresist and the anti-reflective coating since the same coating 
apparatus is often used for applying the photoresist and the antkef lectrve coating. Further, the by-product of irnidization 
reaction, water, causes coating defects during f flm formation. 

[0007] Another system Fahey et ah propose is materials wherein a copolymer of methyl methacrytate and 9-methyi- 
anthracene methacrytate is used as the anti-reflective coating. Again this system also shows footing problem due to the 
diffusion of photo-generated acid into the anti-reflective coating when a chemically amplified resist is used as the resist 
(Proc. SPIE, Vol . 21 95, p. 426) as well as intermixing of the resist material and the anti-reflective coating material. Such 
polymers are also insoluble in preferred solvent in the art such as propylene glycol monomethyl ether acetate 
(PGMEA), ethyl lactate, etc. 

[0008] U.S. pat. No. 5.234,990 discloses polysutfone and polyurea resins which possess inherent light absorbing 
properties at particular deep ultra violet wavelengths. These condensation products have poor f Dm forming property on 
a patterned wafer and therefore bad step-coverage and also formation of cracks perhaps due to high Tg and rigid struc- 
tures of such polymers. Ideally, a bottom anti-reflective coating materials should be soft for good step coverage property 
before baking and also hardened at least after baking to prevent intermixing of the photoresist and the anti-reflective 
coating as well as diffusion of the photo-generated acid. 

[0009] Further, European unexamined patent application No. 542 008 discloses an anti-reflective coating composition 
capable of forming a hardened anti-reflective coating after being applied, which comprises a phenolic resin binder, 
melamine type cross-finking agents and a thermal or photo acid generators. Such compositions are poor in their stor- 
age stability due to the presence of the cross-linking agents and acid generators leading to high incidence of film 
defects, and their etch rate is very slow due to the presence of rather large amounts of aromatic functional groups. 
[0O1 0] In summary, a good bottom anti-reflective coating material should satisfy the following properties: 

a) good f 3m forming property; 

b) high absorption at the desired exposure wavelength; 

c) no intermixing with the photoresist; 

d) etch rate much higher than the photoresist; 

e) good step coverage on topography; 

f) at least six months shelf-life stability; and 

g) the composition should be dissolved in an edge-bead rinse (EBR) solvent. 

[001 1] Unfortunately none of the available bottom anti-reflective coating satisfies these properties. 
[001 2] The present invention provides an anti-reflective or light-absorbing coating material which fuffls the above- 
descrfoed various properties; a cornposrtion containing this material and useful for forming an anti-reflective coating 
such as a bottom anti-reflective coating or a light-absorbing coating; a process for manufacturing the composition, and 
an anti-reflective or Egjht absorbing coating using the material or the composition; a method for forming the coatings; a 
method for forming a resist pattern; and a process for manufacturing integrated circuits. 

[0013] The first object of the present invention is to provide a composition capable of forming an anti-reflective coating 
or a fight absorbing coating which reduces problems associated with reflected light from the substrate and topography 
during pattern formation. 

[0014] The second object of the present invention is to provide a composition capable of forming an anti-reflective 
coating or a tight absorbing coating having improved adhesion to micro- electronic substrates, very good coating uni- 
formity and no particle formation. 

[001 5] The third object of the present invention is to provide a composition capable of forming an anti-reflective coat- 
ing or a light absorbing coating that has significantly higher etch rate than the photoresist material applied on top of it. 
[001 6] The fourth object of the present invention is to provide novel polymers applicable for anti-reflective coatings or 
light absorbing coatings containing cross-linking and highly figm-ateorbing functions in a single molecule, and soluble 
in similar or same solvent as the photoresist material applied on top of it 

[0017] The fifth object of the present invention is to provide novel polymers applicable for anti-reflective coatings or 
light-absorbing coatings containing intrinsically cross-linking and highly absorbing functions in a sing) molecule elimi- 
nating the need for additives with cross-finking and highly light-absorbing functions. 

[0018] The sixth object of the present invention is to provide novel polymers which are capable of curing (cross-link- 
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ing) at the bating temperatures of the resulting anti-reflective coating or light absorbing coating to acquire such a high 
hardness after being baked that rt is impossible for the photoresist top layer to cause intermixing with the coating, which 
cause no diffusion of an acid generated in the subsequent steps and thereby prevent footing. 
[001 9] The seventh object of the present invention is to provide novel polymers which have chromophores capable of 
higJy absorbing light of exposure wavelength and can sufficiently absorb fight in a film thickness of 30 to 300 nm, and 
which can form an extremely thin anti-reflective coating or a light absorbing coating. 

[0020] The eighth object of the present invention is to provide a bottom anti-reflective coating or a light absorbing coat- 
ing having good light absorbing properties. 

[0021] The ninth object of the present invention is to provide a method for easily forming a resist pattern with high 
resolution. 

[0022] The tenth object of the present invention is to provide a method for easily manufacturing an integrated circuit 
with higher integration. 

[0023] Other objects of the present invention will become apparent from the following descriptions. 



is Disclosure of the Invention 

[0024] The above-described objects of the present invention can be attained by the polymers represented by the fol- 
lowing general formula I or II and the anti-reflective coating or the light absorbing coating containing this polymer. 



20 



General formula I 



25 



30 



CO R2 



R3 



OR,NHCX — YD 



35 wherein 

R is a hydrogen atom or an alkyl group; R 1 represents an alkyiene group, a substituted alkylene group, a 
cycloalkytene group, a substituted cycloalkyiene group, a phenyl ene group or a substituted phenyl ene group; R2 repre- 
sents an optionally substituted, vinyl group-containing phenyl group, -OR 4 or -COOR 4 , in which R4 is an alkyl group 
having a double bond or epoxy group; R 3 is a halogen atom, a cyano group, an acetate group, -COOH, -CONh^, a sub- 

40 stituted or non-substituted phenyl group. -COOR5 or -OR 5 , in which R 5 represents a substituted or non-substituted 
straight-chained, cyclic or branched alkyl group, or an alkyl or ary) group containing an ester or carbonyi group; X is 
either O or S; Y is either O or NRg group in which Re is a hydrogen atom, an substituted or non-substituted phenyl or 
cyclic, straight-chained or branched alkyl group; D is an organic chromophobe which absorbs the exposed wavelength 
(1 00-450 nm) and represents a substituted or non-substituted benzene ring, condensed ring, or heterocyclic ring bound 

45 directly or through an alkylene group; and m and n represents any number above zero, while o is any number including 
zero. 



50 



55 
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General formula II 



10 



15 



40 



45 



50 



55 




wherein 

R is a hydrogen atom or an alkyl group; represents an optionally substituted, vinyl group-containing phenyl 
group, -OR4 or -COOR^ in which R4 is an alky) group having a double bond or epaxy group; R3 is a halogen atom, a 

20 cyano group, an acetate group. -COOH, -CONH2, a substituted or non-substituted phenyl group, -COOR 5 or -OR 5 , in 
which R 5 is a substituted or non-substituted straight-chained, cyclic or branched alkyl group, or an alkyl or aryi group 
containing an ester or carbonyl group; Y is either O or NRg group in which Re is a hydrogen atom, a substituted or non- 
substituted phenyl or cyclic straight-chained or branched alkyl pjoup; D is an organic chromophore which absorbs the 
exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring, or 

25 heterocyclic ring bound drectly or through an alkylene group; and m and n represents any numbers above zero, while 
o is any number including zero. 

[0025] In addition, according to the present invention, there can be obtained an anti-reflective coating and a light 
absorbing coating having a good norvirrter mixing property and neither causing footing nor leaving remaining resist fflm 
by using a composition tor an anti-reflective coating or a light absorbing coating which contains a polymer containing at 
30 least the recurring unit represented by the following general formula III or IV, a cross-linking agent and an optional ingre- 
dient of a thermal acid-generator. 



General formula III 



CO 



OR,NHCX YD 



General formula IV 



CO 



YD 



[0026] In the general formula III and IV. R is a hydrogen atom or an alkyl group; R, represents an alkylene group, a 
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substituted alkyfene group, a cydoaDcytene group, a substituted cyctoaJkylene group, a phenyl ene group or a substi- 
tuted phenytene group; X is either O or S; Y is either O or NRg group in which Re is a hydrogen atom, a substituted or 
non-substituted phenyl or cyclic, straight-chained or branched aJkyt group; D is an organic chrornophore which absorbs 
the exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring, 
or a heterocycfic ring bound directly or through an alkyiene group. 

[0027] The composition for antkef lective coating or light absorbing coating containing the polymer having at least the 
recurring unit represented by the general formula III or IV and the cross-linking agent shows improved properties as 
described above, and addition of a thermal acid-generator to the composition serves to more improve the properties of 
the composition. Therefore, a composition for anti-reflective coating or tight absorbing coating containing the polymer 
having at least the recurring unit represented by the general formula III or IV, the cross-linking agent, and the thermal 
acid-generator is more preferred. As to the proportion of the polymer having at least the recurring unit represented by 
the general formula III or IV and the cross-linking agent the polymer having at least the recurring unit represented by 
the general formula III or IV is incorporated in an amount of preferably 50 to 95 parts by weight and the cross-linking 
agent in an amount of 50 to 5 parts by weight. The optional component of thermal acid-generator is used in an amount 
of preferably 1 to 10 parts by weight based on the polymer. 

[0028] In accordance with the present invention, each of the above mentioned cornposrtions is coated by a known 
coating method such as spin coating method, spray coating method, dip coating method or roller coating method in a 
dry thickness of. for example, 300-50.000 A onto a reflective semiconductor substrate such as silicon undercoated with 
hexamethyWisflazane and baked to evaporate the solvent to form a thin film of anti-ref lective coating such as bottom 
anti-reflective coating or light absorbing coating. Baking is conducted usually at 50 to 250 °C. A desired photoresist is 
applied on this thin film and. after pattemwise exposure, it is developed to form a resist pattern with a desired line width. 
This resist patten is dry or wet etched to transfer an image on the substrata Integrated circuits with high integration 
can be manufactured by further conducting necessary steps such as plating, deposition, ion diffusion, ion implantation, 
etc. 

[0029] The polymer of the present invention represented by the general formula I or II can to synthesized as shown 
in following reaction scheme 1 or 2. 

Reaction scheme 1 




M N O 

Reaction scheme 2 



¥ r- r - --^ff-- 

YD I 

YD 

P N O 



wherein 

R is a hydrogen atom or an aDcyl group; R 1 represents an alkyiene group, a substituted alkyiene group, a 
cydoalkyfene group, a substituted cydoalkylene group, a phenytene group or a substituted phenyl en group; F^isan 
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optionally substituted, vinyl grotp-containing phenyl group -OR4 or -COOR4 in which is an alkyl group which has a 
double bond or epoxy group; R3 is a halogen atom, a cyano group, an acetate group, -COOH, -CONH2. a substituted 
or non-substituted phenyl group, -COOR 5 or -OR5 in which R 5 is a substituted or non-substituted straight-chained, 
cyclic or branched alkyl group or an alkyl or aryl group containing an ester or carbonyl group; X is either O or S; Y is 

5 either O or NR$ group in which Re is a hydrogen atom, an optionally substituted phenyl or cyclic, straight-chained or 
branched alkyl group, 0 is an organic chromophobe which absorbs the exposed wavelength (100-450 nm) and repre- 
sents a substituted or non-substituted, benzene ring, condensed ring, or heterocycfic ring bound directly or through an 
alkytene group; and m and n represents any number above zero, while o is any number including zero. 
[0030] Of the polymers represented by the general formulae I and II, those polymers wherein R represents a hydrogen 

10 atom or a methyl group, R 1 represents an ethylene group, Rg represents an optionally substituted, vinyl group-contain- 
ing phenyl group -OF^or -COOR4 in which R4 represents an alkyl group containing a double bond, X represents oxy- 
gen. Y represents oxygen or a NH group, m, n and o each represents any number above zero are illustrated as 
preferred materials for manufacturing the composition fa the anti-reflective coating or the light absorbing coating. 
Where R3 represents -COOR 5 , R 5 preferably represents a methyl group, an acetoacetoxyethyt group, an ethyl group, a 

is cyclohexyl group or a hydroxyethyl group 

[0031] As examples of D the following groups are given but by no means limited to these examples: phenyl, substi- 
tuted phenyl, benzyl, substituted benzyl, naphthalene, substituted naphthalene, anthracene; substituted anthracene, 
anthraquinone, substituted arrthraquinone. acridine, substituted acridine, azobenzene. substituted azobenzene, fiuor- 
ime. substituted fluorime, f luorimone. substituted f luorimone. carbazole, substituted carbazole, Nnalkyicarbazole. diben- 

20 zofuran, substituted dibenzofuran, phenanthrene, substituted phenanthrene, pyrene, substituted pyrene. etc. The 
substitutions in the above description can be one or more of the following groups of: alkyl. aryl, halogen, alKoxy, nitro, 
aldehyde, cyano, amide, dialkytamino. sulfonamide, imide, carboxylic acid, carbcxylic acid ester, sulfonic acid, sulfonic 
acid ester, alkylamino, arylamino, eta 

[0032] Preferred examples of comonomer N and O in reaction schemes 1 and 2 are acrylates. methacrytates, vinyl 

25 ethers and styrene and it's derivatives. Specific examples of comonomer N include p-cfivinylbenzene. n>drvtrryfben- 
zene. aJlyl vinyl ether, glycidyl methacrylate and ally! methacrylate. Comonomer O is used for imparting, to the polymer, 
high Gght absorbing property, high etch rate, solubility for a particular solvent good storage stability, curing (cross-link- 
ing) property or other desirable properties. For example, it is well known among those skilled in the semiconductor 
industry that etch rate of the anti-reflective coating should be much faster than that of the resist in order to obtain good 

30 pattern transfer in the processing step after pattemwise exposure. Since aromatic compounds generally show poor etch 
rate, it is preferred to use, as a comonomer, aliphatic monomers or monomers containing other atoms than carbon such 
as oxygen, nitrogen or halogen atom for the purpose of attaining an increased etch rate. In addition, glass transition 
temperature (Tg) plays an important role in the irterrrtbting property between the anti-reflective coating or light absorb- 
ing coating and a photoresist coated thereon. Since the photoresist is applied onto the anti-reflective coating and 

35 exposed and developed, intermixing between the anti-reflective coating and the photoresist would lead to incomplete 
removal of the photoresist material upon development Yet another problem when a chemically amplified photoresist 
material is applied onto the anti-reflective coating or light absorbing coating with low Tg is that the acid formed in the 
resist upon exposure may diffuse into the anti-reflective coating or the like which leads to a distorted latent acid image 
and this can also cause incomplete removal of the photoresist material upon development. Therefore, it is desirable that 

40 anti-reflective coating materials or the like preferably have a glass transition temperature of at least above the maximum 
processing temperature used during thermal processings such as baking. Further, as comonomers for imparting solu- 
bility to the polymer, acrylates, methacrytates, etc. are usually used and, tor irareasing Tg, styrene and its derivatives 
aroused. 

[0033] As examples of comonomer O. there are illustrated methyl methacrylate, 2-hydroxyethyl methacrylate, ethyl 
45 methacrylate. methyl acrylate, 2^methacryloytoxy)ethyl methacrylate. acrylic acid. acrylonitriJe, acryiarrtide, 2-isocy- 
anatoethyl methacrylate, 4-acetoxystyrene. 3-methyl^-hydroxystyrene. styrene. vinyl chloride, ethyl vinyl ether, butyl 
vinyl ether, isobutyl vinyl ether, cyclohexyl vinyl ether, methyl vinyl ether, vinyl acetate. 2HSOcyanatoethyl acrylate. etc. 
To illustrate these comonomers according to the properties to be imparted by them, there are those comonomers which 
further increase light absorbing property when used together with the organic chrornophores, such as 2-isocyanatoe- 
so thyl methacrylate, 2-isocyanatoethyi acrylate, etc.; those comonomers which accelerates etch rate such as methyl 
methacrylate. 2-hydroxyethyl methacrylate. ethyl methacrylate, methyl acrylate. acrylic acid, vinyl chloride, etc.; those 
comonomers which improve solubility for the solvents commonly used as solvents for photoresist such as propylene 
glycol morwmethyl ether acetate (PGMEA) or ethyl lactate, such as 2-(methaoryfoyloxy)ethyl methacrylate. acrylic acid. 
4-acetoxystyrene, 3-methyM4iyoyoxystyrene, ethyl vinyl ether, butyl vinyl ether, isobutyl vinyl ether, cyclohexyl vinyl 
55 ether, methyl vinyl ether, vinyl acetate, etc.; those comonomers which improve curing (cross-finking) property such as 
2-isocyanatoethyl methacrylate, 2-fsocyanatoetriyl acrylate, etc.; and those comonomers which increase Tg such as 
styrene, 3-methyHWiydrQxystyr^ etc. However, the above-descrfoed specific examples and fltustration aocorcBng to 
the rjroperties to be imparted should be construed as illustrative, and are not to be construed to limit the present inven- 
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!— M^^* anhydride ' rnaleimide - >^ubsttuted maleimid* eta Two or more of the monomer 
components M. N. O and P including ttia optional oomonomers may be used at the same time. "™omer 

SLZ!^^^^^"JT l imrenfcn ** eMtod ^ h a ***** ***** «*« free raft*! or 
copotymere of the present invention may be of various structure such as raotom copoty- 

Z!" Hi^L^T!' ^ Pr f ened sohren,s ««> cany out the polymerization indude toluene, tetrahydrofuranben- 
711^T^lT^ Me ' ^ lactef8 - P^ 6 " 8 Slycol monomethyl ether «3<W^ * 
^solventsmaybeusedmdeperKJenlfyaasacombmat^ irvwc^.wc. 
[0035] Specific examples of reaction initiators include but not restricted to 2^obisfeoctityionitrile) f AIBM1 2 2'- 

l f^5 : ^* ertanenrtr,le) - 1 ' 1 -a^^cyctohexanerartwnitrile). benzoytoeioxide. t-butvtoeroxvben- 
S-M d ^^ atB - P-oxy-^exanoate. t^uty, iSSn-aCSS. 

S n™^^ *«'9hl of the copolymers prepared in reaction schemes 1 and 2 ranges between 500 to 
5^00.000 nations wrth respect to standard polystyrene as measured on a gel-permeation chrcxStograpTSciP^ 
feaedr^ecubr we-Qht lies between 3.000 and 1 00.000 daltons oonsidertiJWfilm tonrt^JSSSSS eh£ 

SSoS^ iTtSSJ^ m0,6CU,ar WaflWS 01 ^ Powers depe^TSXlS, 
2ti^ P TTf^ Polymerization temperature, concentrations of The ntonomere^Sd Stes 

SS^^STLJ; ^irv * ^ c «* o,,ed * opting tnS 

parameters. Polymers with a narrow molecular weight distribution can also be obtained by choosing ionic polymerize 

[0037] Themole ratio of comonomere in the copolymer in the reaction schemes 1 and 2 depends on the reaction rate 

reaction feed. The absorption at the desired wavelength and refractive index of the final po^nZ^^^! 
■n the applicabiMy of the polymer tor anti-reflective coatings or light absorbing cS^s 2£^£^22 2 to 
Z^^T*^,^'** ^ ^ ^ and 25 is especially ILJ? kS^TSK are 
T^ZZ an antKeflective coating. Refraotivrty index required tor the bottom anti-reflective coa^nadeoenS 

^LTS^ te thB ^ " rt exacfl y <* at least lies closer to that of the resist layer applied thereon The moleoer- 

certofthe nxxx)mer containing t,e chrornophore is inportant to control the absorptionXerty^lil aSt^o 

^Tw ^ 9 P 01 ^^^ °v **> Seneral formula I or II. In this case, in the fore^^ction ^ 

^f 3 ^ 6 ' m 15 a numbef Sreater than 0, and n and o are nunfcers including 0 
I^fU^^" 19 * om ^solvent these polymers can be again dissolved in a proper solvent to preoare 

Sri" an *- r l teCth t COabng W 3 "9™ *»««"9 coating, and those polymers whW^touStoe^ 
^ 35 ^ P™" 8 ** the ""-position for the antMefle^oc^ng" .St 

abscbmg coat.ng can be directly used as the composition for the anti-reflective coating or light absorttng^n wT 

T^T^T 6 ^ *** ° aaSi0n - « he ^ *** ^ation^poly^^on ^c^c^ 

So^C to f^rr^S^ "f^ 0,1 a ****** such as water, then baked at a teraperaSe c! 5?to 

250 CtofornimantMeflectivecoatiigaarigMdjsorbingco 

[0 ^ 9] to / min9 * 8 anfrrof lective coating or the light absorbing coating, it is also important for the coatintHnakinn 
EZS^JZF* ^ ^ ^ ^ ^ »lvent ^ the composition S^S^^S^ 
StSSZETLT^^ as long as it has a good fflm-forming property and e£££ 

opironai conponents ; such as surfactants, ptasticizers. cross-finking agents or like additives. Solvents with enouoh 

S52E?E!5?* ^"T^ -n- Unytomi °° ■*«* P-Py™ SJycol monomethyl etheTaSe (PgE^bJJ. 
lactate (E4. propylene glycol monomethyl ether, cydohexanone. cydopentanone 2-hertanone^ aVVorrf«T^« 
the solvents These solvents may be used independently or as a o^^t^^^ J^T^ 
^of^polymer^epresernirwer,^ 

J n «ffl me copolymer of the present invention represented by the general formula I or II in the conxxritinn 
^T^^^T ^ abSWbn ° C ° atn °- ^ ^sorfaknts. SeX^^3S 

posmor, rf necessary, for forming a unrfom, defect-free anti^eftecfive coating or light absorbirxj^on a semX 
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ductor substrate. As the surfactants . there are illustrated ftuorine-cx)ntaining compounds or siloxane compouncb. 
though not being limitative at all. In the case of using the polymer containing the recurring units represented by the gen' 
eral formula III and/or IV , a cross-linWng agent and, as an optional component, a thermal add-generator in the compo- 
sition tor the anti-reflective coating or the light absorbing coating, it is also possible to incorporate, if necessary, 
additives such as surfactants, plasticizers, polymers other than the copolymers of the present invention, etc. Use of the 
cross-linking agent serves to form an anti-reflective coating or a light absorbing coating having good non-intermixing 
property with a photoresist and causing no footing and leaving no resist residue. Additionally, copolymers of the present 
invention represented by the general formula I or II. which have cross-linking groups within than, show good non-inter- 
rnixing property and non-footing property owing to cross-finking or condensation of fOm matrix upon baking As the 
cross-linking agents, there are illustrated, for example, hexametrrytmelamine, hexamethoxymethylrnelamine. 1 2-dihy- 
dr<tty-N.N'-memoxyrne^ 1.2^nrKrtrioxy-N.Nr-n^^ tetramethoxymethylgryTOlurile 

and N.N'-methoxymethylurea and. as the thermal arid-generator, there are illustrated, for example N-trifluoromethyl- 
sutfonytoxyphthaOmide, N-trifluoromethyl-sulfo^ N-methanesulfon^ etc. 

10041 ] With the copolymers of the present invention represented by the general formula I or II, copotymerization ratio 
is generally such that m and n are 1 0 - 50 mol % and 1 - 40 mol %. respectively. 

[0042] The bottom ami-reflective coating material or the fight absorbing coating material of the present invention per- 
mit to use either a positive-working reset or a negative-working resist to be coated thereon and are not particular about 
the type of the resist Therefore, any of those which are conventionally known as resists may be used. With any type 
resist, the material of the present invention enables one to form an image suffering no standing wave and no reflection 
notching due to reflection, provide development property of not causing diffusion of photoflenerated acid, and form an 
image with high resolution. Additionally, as the resist chemically amplified resists and quinonediazide type resists are 
prefened from the viewpoint of resolution or the like. Exposure is conducted using Dghts of 1 00 to 450 nm in wavelength. 

Best mode for practicing the Invention 

10043] The present invention is described in more detail by way of examples which, however, are not intended to limit 
the scope of the present invention. 

[0044] In the following examples, the bottom anti-reflective coating (BARC) was formed to evaluate the bottom anti- 
reflective coating materials according to the methods described in the following Application Example unless otherwise 
described. 



Application Example 1. 



[0045] A 3 wt % solution of the bottom anti-reflective coating material in an appropriate solvent was filtered using 0 5 
and 02 micron filters, spin coated onto a 4 inches in diameter silicon wafer at suitable r.pm. tor 40 seconds such that 
the bottom anS-fefledive coating film has a thickness of 60 nm after baking at 200 °C for 60 seconds. The «m was 
checked under microscope to identify any defects. The optical constants n (refractive index) and k (absorption param- 
eter) values of the film were measured on an elipsometer at the wavelength of 248 nm. 

[0046] Then, a 700-nm thick (after being baked) positive- or rtegatwewrWng. chemically amplified deep UV photore- 
sist, a 500™ thick pc^e-working resist for argon fluoride (193 nm) or a 1000-nm positive- or negativewWng i-line 
nwolak resist was applied onto the bottom anti-reflective coating by spin-coating at a suitable r.pm for 40 seconds 
The resist was soft baked for 60 seconds at 1 1 0 "C and exposed on a stepper operating w* an axcimer laser (248 nm) 
source in the case of the deep UV resist, on a stepper operating with an argon fluoride light source in the case of the 
resist for 193-nm exposure, or an i-line (356 nm) stepper in the case of i-line resist using a reticle with line and space 
patterns. Following the exposure, the resist was baked at 90°C. developed for 60 seconds at 23 "C using a 0 005 N 
tetramethylammoniurn hydroxide developer solution in the case of the resist for argon fluoride or a 2.38 wt % tetrame- 
thytammonium hydroxide developer solution in other cases to form the resist pattern. The resist patterns were exam- 
ined on a scanning electron microscope to check the resolution, standing waves, reflective notching, and footing of the 
line and snana 



[0047] In order to evaluate the step-coverage property of the bottom anti-reflective coating material, the bottom anti- 
reflectrve coating material and the resist was again coated in this order on the patterned wafer and processed as 
described above, and the thus-formed pattern was checked using a scanning electron microscope. The etch rate of bot- 
tom anti-reflective coating materials were evaluated using oxygen and fluoride gas plasma 
[0048] Additionally, resists used for the evaluation are as follows. 



Chemically arrpfified deep UV r^ft'mt 



[0049] Oeep UV resist AZ-DX-1 100P , manufactured by Hoechist A.GL 
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Positive-working resist for 193-nm exposure 


Ternary copolymer 


(Charged ratio) 


t- Butyl methacrylate 
Meihacryfic add 
Adamantyl methacrylate 
Mw=20,000 

Amount of ternary coporymer 
Biscyctohexylolazomethane 


30 
40 
30 

20 wt % based on solvent (PGMEA) 
1 wt% based on solvent (PGMEA) 



Novolak resist for Mine exposure 

[0050] i-Line resist AZ-7500. manufactured by Hoechfet AG. 

[0051 1 The monomers for preparing the copolymers of the present invention were prepared according to the following 
Reference Examples. 

Reference Example 1. Synthesis of NH1 -anthracene)- N'^^ 

[0052] In a dry three neck flask fitted with dropping funnel and thermometer, there was added 38.65 g (0 2 mol) of 1- 
aminoanthracene and it was dissolved in 200 g of dry tetrahydrofuran. The solution was cooled to 10 °C using a ice- 
water bath and to the cooled solution, there was added 31 .03 g of 2^ethacryloyloxyethyl isocyanate drop by drop from 
the dropping funnel. After the addition of 2-rnethacryioyioxyethyl isocyanate. the solution was allowed to return to room 
temperature (25 °C) and it was stirred at that temperature for 24 hours. The reaction mixture is a homogenous solution 
in the beginning and as the reaction between the isocyanate groups and arninoanthracene proceeds, a yellow color 
crystalline product appear in the solution. The product was filtered using a glass filter, washed with n-hexane at least 
for 3 times and dried at 40"C under vacuum (1 Ton). The product has a melting point of 180 ± 2°C. The yield was 95 % 
[0053] ft was characterized using IR and NMR techniques. The infra-red spectrum of the product showed peaks at 
3341 cm 1 (N-H), 1715 cm" 1 (C=0. ester) and at 1635 cm' 1 (C=0, urea) as well as the complete disappearance of the 
bond at 2278 cm characteristic of the isocyanate groups of the starting material methacxytoytaxyethYl isocyanate. The 
H-NMR spectrum of the product showed signals at 1.9 ppm pw-CHa), 3.3 (2H) and 4.2 (2H) ppm (CHo), 5.7 a 1 and 
6.8 ppmgH/CH2=C(CH3)]. 7.5-8.8(9H/antrtracene H). The molar absorption of the compound at 248 nm was 2 IxlO 4 
measured in methanol. 

Reference Example 2. Synthesis of r*(2-m<^aayloyloxY carbamate: 

[00541 In a dry three neck flask fitted with dropping funnel and thermometer, there was added 41.65 g (0 2 mol) of 9- 
hydroxyrnethyt anthracene. 0.126 g of cfibutyftin dilaurate and they were dissolved in 200 g of dry tetrahydrofuran The 
solution was cooled to 10 °C using a ice-water bath and to the cooled solution, there was added 31 .03 g (0 2 moQ of 2- 
methacryloyloxyethyl isocyanate drop by drop from the dropping funnel. After the addition of 2-rnethacryloyloxyethyl iso- 
cyanate. the solution was allowed to return to room temperature (25 °C) and ft was stirred at that temperature for 24 
hours. Unlike Exanple 1 . the reaction mixture was homogenous through out the reaction. The solution was crystallized 
using THF/rvhexane mixed solvent, it was filtered using a glass filter, washed with n-hexane at least for 3 times and 
dned at 40°C under vacuum (1 Torr). The product has a melting point of 125 ±2°C. The yield was 95 %. 
[0055] Jt was characterized using IR and NMR techniques. The infra-red spectrum of the product showed peaks at 
3323 cm- (N-H), 1717 cm 1 (C=0. ester) and at 1707 cm 1 (C=O t carbamate) as well as the complete disappearance 
!! 6 ^i.* 2278 ^cteristic of the isocyanate groups of the starting material metracryloylaxyethyl isocy- 
anate The H-NMR spectrum of the product showed signals at 1 .82 ppm (3H/-CH3). 3.3 (4H/ CHy and 4.083 (2H) ppm 
^ «*" PH/C^^CHa)]. 7.M.7(9Htonthracene H). The molar absorption of the expound meaJedh 
methanol was found to be 9.9x10 4 at 248 nm. 
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Reference Example 3. Synthesis of 9-arrthracenemethyl methacryiate: 

[0058] In a dry three neck flask fitted with dropping funnel, thermometer and reflux condenser, there was added 87.5 
g (0.42 moQ of 9-anthracene methanol. 500 ml of ethyl acetate, and 7.3 g (0.060 mo!) of 4<Gmethylamino pyridina To 
this solution, there was added 83 g (0.54 moQ of methacryfic anhydride drop wise over a period of one hour under con- 
stant stirring. After completion of th addition of meihacrylic anhydride, the reaction mixture was heated to 60°C and 
stirred at that temperature for 4 hours. The solution was cooled to room temperature and the organic layer was washed 
with aqueous alkaline solution followed by water. The target product was obtained by evaporating the solvent of the 
organic layer. The crude yield was 80 g (73 %). 

[0057] It was characterized using IR and NMR techniques. The infra-red spectrum of the product showed peak at 
1717cm" (C=0, ester). The 1 H-NMR spectrum of the product showed signals at 1 .82 ppm (s, 3H), 5.59 (s 1H) 59(s. 
1H).6.2(s,2H). 7.49-7.7 (m,4H).8.12(m,2H),a4(m.2H). 8.67 (s, 1H). The molar absorption crftte 
nm was found to be 1.05 x 10 s measured in methanol. 

Reference Example 4. Synthesis of N-anthracene methacrytamide: 

[0058] 25 g (0.13 moQ of 1-aminoanthracene was dissolved in 120 ml of ethyiacetate and to this solution, there was 
added 0.61 g (0.005 mol) of 4«iimethylaminopyridina To the above solution thus prepared, there was added 24.6 g 
(0. 1 6 mol) of methacryiic acid anhydride drop wise over a period of 20 minutes. The reaction mixture was heated at 60 
°C for 4 hours and the solution was cooled. The yellow precipitate obtained upon cooling was filtered, washed with ethyl 
acetate, and dried under vacuum. The yield was 18.6 g (60 g). The molar absorptivity of the compound measured in 
methanol at 248 nm was found to be 4.1 xio 4 . 

Example 1 . Copolymerization of r\H2-methacryloyloxy^ carbamate and grycidyl methacryiate 

and application as a bottom ant -reflective coating: 

[0059] In a three neck flask fitted with condenser, nitrogen inlet and outlet there was added 3.634 g (0.01 mol) of N- 
(2-methacryloyloxyet^ carbamate, 2.844 g (0.02moQ of grycidyl methacryiate. 0.28 g of o,o 

azob^feobutyronitrile) and 70 g of tetrahydrofuran and the contents were purged with dry nitrogen. The reaction mix- 
ture was heated to 70 °C and stirred at that temperature for 5 hours under flowing nitrogen. After the completion of the 
reaction, it was cooled to room temperature and the polymer was reprecipitated into isopropanol. The white powder was 
dried under vacuum (1 Terr) at room temperature to yield 4.7 g (70 %) of polymer. The copolymer was found to have 
about 54 mol % of grycidyl methacryiate units based on the 1 H-NMR spectrum. The polymer had a weight average 
molecular weight (Mw) of 32,242 and number average molecular weight (Mn) of 13.652 as measured on a gel-perme- 
ation chromatography using polystyrene standard. The polymer was dissolved in propyleneglycol monomethyl ether 
acetate (PGMEA) (3wt% solids) and applied as a bottom anti-reflective coaling material and evaluated as described 
in the Application Example 1 . The profiles showed no standing wave due to reflection and scattering of light however 
some intermixing between the bottom anti-reflective coating and resist was observed due to insufficient hardening of 
the fflm during baking. The bottom anti-reflective coating material had n and k values of 1 .49 and 0.51 respectively at 
248 nm and etch rate of 1 41 nrrvmin. On the contrast the etch rate of the deep UV resist AZ-DK-1 100P manufactured 
byHoechstA.a 

Example 2. Terpolymerization of N^-methacryloy^ carbamate, 2-hydroxyethyl methacr- 

yiate, and grycidyl methacryiate and application as a bottom anti-fefiective coating: 

[0060] In a Ihree neck flask fitted with condenser, nitrogen inlet and outlet there was added 3.634 g (0.01 mol) of N- 
(2-fnethac^oyta>(yethy^ carbamate, 2.13 g (0.015 mol) of gtyckiyl methacryiate. 1.98 g 

(0.015mol) of grycidyl methacryiate. 0.31 g of a,a'-azc«sfisobutyronitrile) and 70 g of tetrahydrofuran and the contents 
were purged with dry nitrogen. The reaction mixture was heated to 70 °C and stirred at that temperature for 5 hours 
under flowing nitrogen. After the completion of the reaction, it was cooled to room temperature and the polymer was 
reprecipitated into isopropanol. The white powder was dried under vacuum (1 Ton) at room temperature to yield 5.81g 
(75%) of polymer. The terpolymer was found to have about 20 md % of grycidyl methacryiate units based on the 1 H- 
NMR spectrum. The polymer had a weight average molecular weight (Mw) of 22.000 and number average molecular 
weight (Mn) of 13,350 as measured on a gel-permeation chromatography using polystyrene standard. 
[0061] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % soOds) and 
applied as a bottom anti-reflective coating material as descrfoed in the Application Exampl 1 . The profles showed no 
standing waves due to reflection and scattering of Dght, the imermixing between resist and the bottom anti-reflective 
coating was reduced compared to th bottom anti-reflective coating material of Examples 1 due to aoss-linking by the 
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ZUl 8r ° lpS and the ^to™ anti-reflective coating materia) had n a«l k val- 

ues erf 1.56 and 0.40 respectwety at 248 imi, and an etch rate <rf 144 nmMiin. 

^S!^T!^ e, !!f ti0n . 0, N ^ 1 -^^W2-metr«crvtoylt«yethyO 2-hydraxyethyl methacrytate, and 
gtyodyl methacrylate and application as a bottom antMeflective coating: 

S? 1 J!!l ,erP0 ' ymer . WaS fXepared 8im " ar to Exam P ,e 2 except that N-(2-metr«CTyloy1oxyetr^^ethy)anthra- 
SZJ^TTSS ^^^^-^oytc^ethyOurea. vTSnd to 

have about 20 md % of glvodyl methacrytate units based on the K-NMR spectrum. The polymer had a we.gh1 averaae 

ZS^X if t ] 26l4 ^f d ^ Secular weight (Mn) of 1 1 ,340 ^ZJZZ?^^ 
ation chromatography usmg polystyrene standard. 8 ^ 

[0rj63] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
bottom anti-reflective coaling material and evaluated as described in the Application Example 1. Thepro- 
n t!K2 ".EtTES 10 re,,eCt,0n ^ the bottom arZtlective cSng mater* S 

reflective coating was reduced compared to the material of Exanple 1 as with Example 2. 

Exanple4. Copdymerization of r^2-metha CT yloyloxyetfryn-^ethyanthracene carbamate and alM methacrvtate and 
application as a bottom anti-reflective coating: »»«™iyimeinacryiaieana 

l^L**^™^**!!!* "* h condenser - """Wn inlet and outlet, there was added 3.634 g (0.01 moQofN- 
^t^T^!^"^f^ raCene aUbana>B - 378 9 (003 ^crylate. 0.3? gof«.aVa*bis 

EEX^^I L it!^™ ^ C ° nten,S WWe pu ' Bed """^ ™» ^eactton mixture was 
J^J^ ^Lt^!!! 131 "^f*" 6 to 5 ^ ^ <>°wing nitrogen. After the completion of the react**? 
rt was cooled to room temperature and the polymer formed was repreciprtatad into isopropanol The white oowder was 

X »2Tcl?f£ r^^T 6 1"**™**^™* ^*u^ The potymer had a weigh, average mo.ec 
ulan^(Mw) of 34^4 and number average molecular weight (Mn) of 12.322 as measured on a gal-permeation 
chromatography using polystyrene standaid. ^ 
[00651 Thepolymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
apphed as a bottom Reflective coating material as described in the Application Example I. The profiles showed no 
standrng^dueto reflection and scattering of light and the bottom antweflective coafing materShad n3kvaT 

SS!. 6 LS P( 5! nefiZatiW I W !! CaJri8dOU,similar,D 4 exceptthat N-(2-methacrvloytoxyethy^ 

t^SSS^^^ Th^^wwaTCndto 
have about 64 mot % of aJlyl methacrytate units based on the 1 H-NMR spectrum The polymvobtained had a weioW 

[0068] In a three neck flask fitted with condenser, nitrogen inlet and outlet there was added SRMnmm^^M 
(2-rruahacty.oylo^ 

^ ', !^!^ JT- th8 L eac,,0n - 1 to room temperature and the polymer formed was repredpHated 

■nto isopropanol. The whrte powder was dried under vacuum (1 Ton) at room terrperature to ^ekf ^(S^pot 
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mer. The terpoiymer was found to have about 20 rnol % of ailyl methacrylate unite 

polymer had a weight average molecular weight (Mw) of 23.650 and number average molecular weight (Mn) of 9,265 
as measured on a gel-permeation chromatography using polystyrene standard. 

[0069] The polymer was dissolved in propylene glycol monomethyl ether acetate (PC^/IEA) (3 wt % sofids) and 
appfied as a bottom anti-reflective coating material and evaluated as descrfoedin the Application Exarrple 1. The pro- 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1 .56 and 0.38 respectively and etch rate of 148 nnvrrrin. ArJrJtionally, no intermbdng between 
resist and the bottom anti-reflective coating was observed. 

Exarrple 7. Copdymerization of Nnanthracene methacrylarrtde and aJlyt methacrylate and appficaton as a bottom anti- 
reflective coating: 

10070] Coporymerization was carried out similar to Example 4 except that NK2^rnetha(^oytaxye^ 
cene carbamate was replaced with N-anthracene metracrytamide. The copolymer obtained was found to have about 
70 mol % of ally! methacrylate units based on the 1 H-NMR spectrum. The polymer had a weight average molecular 
weight (Mw) of 35.000 and number average molecular weight (Mn) of 19.455 as measured on a gefpermeaton chro- 
matography using polystyrene standard. 

[0071] The polymer was dissolved in propylene glycol mor»methyl ether acetate (PGMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material and evaluated as described in the Application Exarrple 1 The pro- 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had a n and k values of 1 .54 and 0.42 respectively at 248 nm and etch rate of 1 41 nm/min. Additionally, no intermixing 
between resist and the bottom anti-reflective coating was observed. Example 8. Terporymerization of N-(2-methacry- 
, °y tox y e ^-^^an^cene carbamate, methyl methacrylate. and divirrytbenzene and application as a bottom 
anti-reflective coating: 

[0072] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0.01 mol) of N- 
(2-methacryloyfaxyeth^ carbamate. 4.00 g (0.04 mol) of methyl methacrylate, 0.65 g (0.005 mol) 

of divinytbenzene (55% m and p isomer). 0.33 g of a.a'-azobls(isc*xjtyronrtrile) and 80 g of tetrahydrofuran and the con- 
tents were purged with dry nitrogen. The reaction mixture was heated to 70 °C and stirred at that temperature tor 5 
hours under flowing nitrogen. After the completion of the reaction, it was cooled to room temperature and the polymer 
formed was reprecipttated into isopropanol. The white powder was dried under vacuum (1 Torr) at room temperature to 
yield 4.14 g (50 %) of polymer. The terpoiymer was found to have about 7 mol % of vinyiberizene units based on the 
H-NMR spectrum. The polymer had a weight average molecular weight (Mw) of 1 5.322 and number average molecular 
weight (Mn) of 9.822 as measured on a gel-permeation chromatography using polystyrene standard. 
[0073] The polymer was (fissoJved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
applied as a bottom anti-reflective coating material and evaluated as described in the Application Exarrple 1 The pro- 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1.57 and 0.39 respectively and etch rate of 128 nrn/rrrin. Adcfitionally. no intermixing between 
resist and the bottom anti-reflective coating was observed. 

Example 9. Terporymerization of N-(1 -anthracene) -tf-(2-metracr^^ methyl methacrylate. and divinyl- 

benzene and application as a bottom anti-reflective coating: 

[0074] Terporymerization was carried out similar to Exarrple 8 except tf^ 

cene carbamate was replaced with N-(1-arrmracene)-W-{2^etriac^ The terpoiymer was found to 

have about 9 mol % of virryf benzene units based on the 1 H-NMR spectrum. The polymer obtained had a weight average 
molecular weight (Mw) of 1 6.450 and number average molecular weight (Mn) of 8.000 as measured on a gel-permea- 
tion chromatography using polystyrene standard. 

[0075] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % sofids) and 
applied as a bottom anti-reflective coating material and evaluated as descrtoed in the Application Exarrple 1 . The prr> 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1.67 and 0.40 respectively and etch rate of 132 nnVrrnn. Adcfitionally. no intermixing between 
resist and the bottom anti-reflective coating was observed. 

Example 10. Terporymerization of 9-anthracenemethyl methacrylate. methyl methacrylate. and divinyibenzene and 
application as a bottom anti-reftective coating: 

[0076] Terporymerization was earned out similar to Example 8 except that NK2-methacryloylrjxyetrryO 

cene carbamate was replaced with ^nthracenemethyl methacrylate. The terpoiymer obtained was found to have 
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about 10 md % of vinytoenzene units based on the 'H-NMR spectrum. The polymer had a weight average molecular 
weight (Mw) of 1 9.450 and number average molecular weight (Mn) of 8.600 as measured on a gel-permeation chroma, 
tography using polystyrene standard. 

10077] The polymer was dissolved in propylene glycol monomethyf ether acetate (PGMEA) (3 wt % solids) and 
appBed as a bottom antkef lecrjve coating material and evaluated as described in the Application Example 1 The pro- 
files showed no standing waves due to reflection and scattering of light and the bottom anti-reflective coating material 
had n and k values of 1.57 and 0.39 respectively and etch rate of 130 nm/hm Additionally, no intermixing between 
resist and the bottom anti-reflective coating was observed. 

10078] As described in Examples 1 to 10, when a copolymer has an recurring unrt having an epoxy group or double 
bond, no intermixing between resist and anti-reflective coating occurs due to curing of the ami-reflective coating by 
cross-linking after baking. Due to the curing of the anti-reflective coating, no tooling and no leaving of exposed resist 
film upon development also occur. Further the anti-reflective coating showed the same good step coverage and storage 
stability as commercially available ones or more than that ^ 

Example 1 1 . Copdymerization of hH2-metha(jyloyloxyetfTyn-9^etriyla^racene carbamate and methyl methacrytate 
and use of the copolymer in a bottom anti-reflective coating formulation: 

[0079] In a three neck flask fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0 01 mot) of N- 
(2-melhac^oyloxyelh^^ carbamate. 4.00 g (0.04 met) of methyl methacrytate, 0.23 g of o <x%azo- 

b^rsobutyronitrile) and 60 g of tetrahydrofuran and the contents were purged with dry nitrogen. The reaction mixture 
was heated to 70 °C and stined at that temperature for 5 hours urxler flowing nitrogen. After the completion of the reac- 
bon. rt was cooled to room temperature and the polymer formed was repredpHated into ivhexane. The white powder 
was dried under vacuum (1 Ton) at room temperature to yield 4 g (86 %) of polymer. The copolymer was found to have 
about 75 md % of methyl methacrytate units based on the 't+NMR spectrum. The polymer had a weight average 
mdecuter weight (Mw) of 33.700 and number average molecular weight (Mn) of 12,900 as measured on a gd-Derme- 
aton chromatography using polystyrene standard. 

[0080] The polymer was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (3 wt % solids) and 
apphed as a bottom antkef lectjve coating material and evaluated as described in the Application Example 1 Intermix- 
ing of resist and the bottom anti-reflective coating material was observed. In the next step. 0.9 g of the copolymer 0 18 
g of nikalac (trade name of hexamethylmelamine supplied by Sanwa chemical company) cross-linking agent and 0 01 8 
g of thermal add^generator. PI-105 (N-methanesuttonyloxy isophthalamide, supplied by Midori Kagaku company) were 
dissolved in 30 ml of PGMEA and the solution was applied as a bottom antkeflective coating as described intiie Appli- 
cation Exanple 1 . The profiles showed no standing waves due to reflection and scattering of light and the bottom anti- 
reflective coating had n and k values of 1 .58 and 0.40 respectively at 248 nm and etch rate of 138 nnvmin. By the addi- 
tion of the cross-linking agent and the thermal acid-generator, no intermixing between resist and the bottom anti-reflec- 
tive coating comes to take place. 

Example 12 Copdymerization of N-O-arrthraceneJ-N^-methacf^ and methyl methacrytate and use 

of the copolymer in a bottom anti-reflective coating formulation: 

?? 1, _J he C ° P0lym€f and bottom anS-'eflective coating formulation using the copolymer were prepared similar 
to Example 11 except that N-(2-methaCTyloytoxyethyO-9-methylarrthracene carbamate was replaced with N-(1-anthra- 
cerre)-NH2-rnetriaCTyloyloxyethyl)urea. The polymer had a weight average molecular weight (Mw) of 23 700 and 
num^raverage mdecular weight (Mn) of 9.000 as measured on a gdpermeation chromatography using polystyrene 

[0082] The polymer was dissolved in propylene gtyed monomethyl ether acetate (PGMEA) (3 wt % solids) and 
applied as a bottom antkeftective coating material and evaluated as described in the Application Example 1. Intermix- 
ing between resist and the bottom anti-reflective coating material was observed. In the next step 0.9 g of the copolymer 
0.18 g of nikalac (trade name of hexamethylmelamine supplied by Sanwa chemical company) cross-linking agent and 
0.018 g of thermal acid-generator. PI-1 05 (N-metrvtnesurfonytoxy isophthalamide. sinpfied by Midori Kagaku comoanv) 
were dissolved in 30 ml of PGMEA and the solution was applied as bottom anti-reflective coating and evaluated as 
described m the Application Example 1 . The profiles showed no standing waves due to reflection and scattering of light 
and the bottom antkef lectjve coating material had n and k values of 1 .59 and 0.42 respectively at 248 nm and etch rate 
f JLT^' * * 8 J ddition of the cross-linking agent and the thermal add^enerator. no intermixing between resist 
and the bottom antwef lective coating comes to take place. 
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Example 13: Corxxymerization of N^2-n^cfytoyfoxye1hy0 ^ethyianthracene carbamate and 2-{methacytoy- 
laxyjethyl acetoacetete and use of the copolymer in a bottom ami-reflective coating formulation: 

[0083] In a three neck (task fitted with condenser, nitrogen inlet and outlet, there was added 3.634 g (0 01 mol) of N- 
n ^^^?*T^^ eWarthracene C8jbamate - 2142 9 (0 01 mol) of 2-(methacvloyloxy)ettiyl acetoacetote 
0.23 g of a.a -azob^rsoburyronitrile) and 60 g of telrahydrofuran and the contents were purged with dry nitrogen. The 
^ n ™ flure "** h9ated to 70 -C and stirred at that temperature for 5 hours under flowing nitrogen. Aftertoe com- 
ptetjonof the reaction, it was cooled to room temperature and the polymer formed was reprecipitated into isoprcpanol 
The wrote powder was dried under vacuum (1 Torr) at room temperature to yield 5 g (87 %) of polymer The copolymer 
wastound to have about 45 mol % ot 2-<methacyloyloxy)ethyl acetoacetate units based on the 1 H-NM R spectra The 
potymer had a weight average molecular weight (Mw) of 23.700 and number average molecular weight (Mn) of 12 900 
as measured on a gel-permeation chromatography using polystyrene standard 

[0084J 0.9 g ot the copolymer. 0.18 g of nikalac (trade name of hexamethytmelamine supplied by Sanwa chemical 
SL^r^? 18 ^^ 8 *^' PM05 (t^nethanesuKony.oX isoprrthalamidt 
suppfied by Midon Kagaku company) were dissolved in 30 mt of PGMEA arid toe solution was applied as a bottom antii 
22)? "TSZ^lT* WSl . Uatedasdescrbed m Application Example 1. The profiles showed no standing 
SCat,enng <* anti-reflective coating mattria) had n and k values of 1 54 

and 0.35 re^ectvely at 248 nm and etch rate of 143 nnVmin. Bytr«addit«,oftoecross-linWngagertarrf toetoernS 
generator, no mtermixing between resist and the bottom anti-reflective coaling comes to take place 
0085] Add<toonally. toe anti-reflective coatings in Examples 1 1 to 13 showed the same good step coverage as com- 
meraaJly available ones or more than that. ~ * 88 own 

Advantages of the Invention 

10086] As has been described in detail, the polymers of the present invention show good light absorbing property tor 

ooat^ oontain.ng toe polymer has such a high effect of preventing Election of irradiaticn light from toe sltrateWt 
J^^^L* *™ fi " 9 or «**"*. The copolymers cause cross-linking or curing 

^S^S^T" 1 ^ ^ Mo " «* P^^erated theaT 

^ " *• " te "« ,nterm »°"9 between toe resist and toe antHreflective coating or the like being pre- 
v^edjn addrtran. footing or remaining of toe coating upon development do not take place, and excellent storage sfa- 

t T 9e afe attained - Thefefore ' a resist pattern wito high resolution and high accuracy cTSy^ 
formed, which greatly contributes to the production of IC with high integration. * 

Industrial Applicability 

5.^*^.!!^ h manufacturin 0 'rtegrated circuits with high integration. toecorrposHfon 
Zl J^ZT* coating or toe light absorbing coating in accordance with the pre^irveS usefSS^ 
£2™ to ^T nQ an Tl- reflBC,,ve ""^ OT a "0™ a bsorbing coating in forming a resist pattern. Further, the poly- 
^ 8 PfeSent inventi0n "»* 88 components of these compositions for toe amirefleSve 

^T 9 ^ *L^ lt abSOfb ' n9 ^""a and can impart to toe resulting anti-reflective coating or light absorbing pnSJ 
good anti-reflective property or fight absorbing property and cro*Mdrig property of toe raatuIT 

Claims 

1 - J^S" ** m o"** « a Koht absorbing coating containing a polymer represented by gen- 
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CO R 2 



R3 



OR,NHCX — YD 



wherein 

R represents a hydrogen atom or an aJkyi group; R t represents an alkylene group, a substituted alkylene 
group, a cydoaJkylene group, a substituted cydoaJkyfene group, a phenyfene group or a substituted phenytene 
group; R2 represents an optionally substituted, vinyl group-corrtaining phenyl group, -OR 4 or -COOR* in which R4 
represents an alkyl group having a double bond or epoxy group; rVepresei^ 

acetate group, -COOH, -CONH 2 . a substituted or non-substituted phenyl group. -COOR 5 or -OR 5 , in which R 5 rep- 
resents a substituted or non-substituted straight-chained, cyclic or branched alkyl group, or an aJkyl or aryl group 
containmg an ester w c»rboriyl group; X is eh^ 

or a substituted or non-substituted phenyl or cyclic. straighHAained or branched alkyl group; D is an organic 
chromophore which absorbs the exposed wavelength (100-450 nm) and represents a substituted or non-substi- 
tuted, benzene ring, condensed ring or heterocyclic ring bound directly or through an alkylene group; and m and n 
are any numbers greater than 0 arid o is any number including zero. 

2. A composition for an anti-reflective coating or a light absorbing coating containing a polymer represented by Gen- 
eral formula II: 



CO R2 



R3 



YD 



wherein 

R represents a hydrogen atom or an alkyl group; Rg represents an optionally substituted, vinyl groujM»n- 
taining phenyl group, OR* or -COOR* in which R, represents an alkyl group which has a double bond or epoxy 
group; R3 represents a halogen atom, a cyano group, an acetate group, -COOH, -CONH2. a substituted or non- 
substituted phenyl group. -COOR 5 or -0% in which R5 represents a substituted or non-substituted straight- 
chamed, cyclic or branched aJkyl group, or an alkyl or aryl group containing an ester or carbonyl group; Y is either 
O or NRe group, in which Rg represents a hydrogen atom or a substituted or non-substituted phenyl or cyclic 
straight-chained or branched alkyl group; D is an organic chromophore which absorbs the exposed wavelength 
(100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring or heterocyclic ring 
bound drectiyw through alkylene group; 
ing zero. 

A composition for an anti-reflective coating or a tight absorbing coating according to claim 1, wherein R in the gen- 
eral formula I is a hydrogen atom or a methyl group; R, is an ethylene group; X is O; Y is either O or NH group- R* 
is an optionally substituted, vinyl group-containing phenyl group; R3 is a halogen atom, a cyano group, an acetate 
group. -COOH, -CONHj,. a substituted or non-substituted phenyl group. -COORg or OR 5 , in which ^ represents 
a substituted or non-substituted straight-chained, cyclic or branched alkyl group, or an alkyl or aryl group containing 
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an ester or carbonyi group; D is an organic chromophore which absorbs the exposed wavelength (100-450 run) and 
represents a substituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 
through an alkytene group; and m. n and o are any numbers greater than 0. 

s 4. A composition tor an anti-reflective coating or a light absorbing coating according to claim 1 , wherein R in the gen- 
eral formula I is a hydrogen atom or a methyl group; is an ethylene group; X is O; Y is either O or NH group; 
is -COO R4 in which R, represents an aikyi group having a double bond or epaxy group; R3 represents a halogen 
atom, a cyario group, an acetate group, -COOK -OONH2, a substituted or non-substituted phenyl group, -COO R 5 
or -OR5. in which R 5 represents a substituted or non-substituted straight-chained, cyclic or branched aikyi group. 

10 or an aikyi or aryl group containing an ester or carbonyt group; D is an organic chromophore which absorbs the 
exposed wavelength (100-450 nm) and represents a substituted or non-substituted, benzene ring, condensed ring 
or heterocyclic ring bound directly or through an aikyi ene group; and m. n and o are any numbers greater than 0. 

5. A composition for an anti-reflective coating or a light absorbing coating according to claim 4, wherein R3 is -COOR 5 
15 in which R 5 is a methyl group, an acetoacetoxyethyl group, an ethyl group, a cyclohexyl group or a hydraxyethyl 

group. 

6. A composition for an anti-reflective coating or a light absorbing coating according to claim 2. wherein R in the gen- 
eral formula II represents a hydrogen atom or a methyl group; R2 represents an optionally substituted, vinyl group- 

20 containing phenyl group; R3 represents a halogen atom, a cyano group, an acetate group, -COOH, -CONHg. a sub- 
stituted or non-substituted phenyl group, -COOR5 or -OR5. in which R 5 represents a substituted or non-substituted 
straight-chained, cyclic or branched aikyi group, or an alky! or aryl group containing an ester or carbonyt group; Y 
is either O or NH group; D is an organic chromophore which absorbs the exposed wavelength (100-450 nm) and 
represents a substituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 

25 through an aikylene group; andm, n and 0 are any numbers greater than 0. 

7. A composrtion for an anti-reflective coating or a light absorbing coating according to claim 2, wherein R in the gen- 
eral formula II represents a hydrogen atomora metrrylgrc^; Rgis-COOR^ in which 84 represents an aJkyl group 
having a double bond; R3 represents a halogen atom, a cyano group, an acetate group, -COOH, -CONH2. a sub- 
so stituted or non-substituted phenyl group, -COOR5 or -OR5, in which R 5 represents a substituted or non-substituted 

straight-chained, cyclic or branched alkyl group, or an aikyi or aryl group containing an ester or carbonyl group; Y 
is either O or NH group; D is an organic chromophore which absorbs the exposed wavelength (100-450 nm) and 
represents a substituted or non-substituted, benzene ring, condensed ring or heterocyclic ring bound directly or 
through an aikylene group; and m and n are any numbers greater than 0 and o is any number including 0. 

35 

8. A composition for an anti-reflective coating or a light absorbing coating comprising a polymer having at least one 
recurring unit represented by following general formula III or general formula IV, a cross-linking agent and a thermal 
acid-generator: 

40 



45 



50 



55 
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General formula III 



10 



15 



20 



CO 

I 



OR,NHCX YD 



General formula IV 



CO 



YD 



so 



35 



40 



wherein 

" r ^ 6S f! S 3 hydlDflen atomorana)k y | 8 rou P* Ri represents an alkylene group, a substituted alkylene 

8 cyc^Mene erouR a substituted cycloalkyfene group, a phenytene group «a sutefiaZhZtf ™ 
« X l 6 * e '° of S; Y is either O or NRg group, in which ^ is a hydrogen aZor a sSS^or 

m^Z£Zr£££^ l^f** Disanor B an ' c chromcpSelS S^He 

exposed wavelength(100^50nm) and represents a substituted or non-substituted, benzene ring condensed rino 
or heterocycte nng bound directty or through an alkylene group. ensea nnB 

A composition for an antkellective coating or a light absorbing coating according to any one of claims 1 to 8 

^ZZ TINT'S? iS 8 9r0UP ***** fr0m Phen * subsftu,ed b«* subsZJ oen^' 
n^^ol^^^T 6 - 8Ub6ttu,ed amhrace ^ anthraquinoZ^isttuted anthS 

Za. acnd,ne azobenzene. substituted azobenzene. fluorime. substituted fluaimTZl 

m=n*6ub^ed Huonmone. ^bazole. substituted carbazote. r^lkytearbazole. dibenzofuran. sutettited 
dben^iran^phenanthrene. substituted phenanthrene. pyrene and substituted pyrene. in which the suctions 
bang at least one groLp selected from alkyl. aryl. halogen atom, alkoxy. nitro, aldehyde. c^TamST 
^^ sulfonamide, irrtide. carboxyOc acid, carboxylic acid ester. subacid. ^X£S£2j 



10. A polymer represented by general formula I: 



50 



55 



CO R 2 



OR,NHCX — YD 



wherein 
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R represents a hydrogen atom or an alkyl group; R, represents an alkytene group, a substituted alkytene 
group, a cyctoalkylene group, a substituted cydoalkytene group, a phenylene group or a substituted phenytene 
group; represents an optionally substituted, vinyl group<ontaining phenyl group. -Ofy or -COOR4 in which FU 
represents an alkyl group which contains a double bond or epoxy group; R3 represents a telogen atom, a cyano 
group, an acetate group. -COOH. -CONK* a substituted or non-substituted phenyl group. -COORsor -OR & in 
which R 5 represents a sifcsthuted or non-substituted straight-chained, cyclic or branched alkyl group, or an alkyl or 
aj^o^corrtairanganesterorcartx^ 
hydrogen atom or a substitoted or r^ 

an orga™ chromcptore which absorbs the exposed wavelength (10JM50 nm) and represents a substituted or 
norwaitettrted. benzene ring, condensed ring or heterocyclic ring bound directly or through an alkylene group- 
and m and n are any numbers greater than 0 and o is any ruintoer including zero. 

11. A polymer represented by general formula II: 



CO 



R 2 



R3 



YD 



wherein 

R represents a hydrogen atom or an alkyl group; represents an optionally substituted, vinyl group^on- 
tam.ng phenyl group. Of^ 0 r -COOR* in which R, represents an alkyl group which has a double bond or^nwy 
Si^T^" 8 8 hak S^ a J 0m • a W group, an acetate group. -COOH. -CONH* a substituted or non 
sub^ed phenyl group. -COOR 5 or -OR 5 . in which ft, represents a substituted or norvsubstrtuted straight- 
chained cycte or branched alkyl group, an alkyl or aryl group containing an ester or carbonyl group: Y represents 
NF ^ 9roup - represents a hydrogen atom, a substituted or norvsubstrtuted phenyls cyclic 

S^S - * b " ,nC ^ WV"*>- 0 * «" chromophore which absorbs the exposed wavelength' 

EUTT^ « «*s«uted or non^tuted. benzene ring, condensed ring or heterocyclic ri^ 
bound directly or through an alkylene group; and m and n are any numbers greater than 0 and o is any number 
including zero. 

12 A ™*" d ^Pf^nnfla composition tor an antkeflecttve coating or a light absorbing coating comprising that the 
S^HS^tS^ ** 98f1Bfal <0nTOJla linClaim10 and/or S 8 " 6 ™ 1 «*™\a II in claim 11 ararts dissolved In 

13 - ^S^lf^™ "f*" 9 a 3 m absoroin 8 comprising steps ot filtering the com- 
position for an anti-reflective coating or a hght absorbing coating produced by the method described in claim 12 it 
necessary: coating the composition onto a substrate: and baking the coated substrate at 50 to 250 -"C. 

14. An anti-reflective coating or a light absorbing coating formed by the method described in claim 13. 

15. A method for manufacturing a integrated circuit which contains steps of: applying a positive- or neaative-wortdno 

^^^T 9 Tl^^" 9 COatin9 deSCTibed m daim M -«posinglhe substrate coated with the 
an^'ective coating or light absorbing coating and the photoresist; developing the exposed photoresist and 
transferring toe image onto Ihe substrate by dry or wet etching to form an integrated circuit element 
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